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Tropical Easterly Waves
u Wavelengths 2000-4000 km

u Periods 2-10 days

u Occur tropics wide

u Impact and are impacted by convection and precipitation

u African Easterly Waves most studied (but not fully understood)!
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2.1 Motivation 
 
Tropical Easterly Waves (TEWs) are a critical component of weather and climate across the globe. 
These synoptic-scale waves (wavelengths of 2000-4000 km) occur across the entire tropics (Figure 
1), although African Easterly Waves (EWs) are most commonly studied. TEWs play a fundamental 
role in modulating convection and precipitation. Convection, in turn, feeds back on TEWs through 
diabatic heating. TEWs are crucial for organizing monsoon precipitation events during the West 
African monsoon (e.g. Fink et al. 2006) and impact the southwest US during the North American 
monsoon. They also act as seed disturbances for tropical cyclones (e.g. Landsea 1993; Chen et al. 
2008). Despite the importance of TEWs and due to a lack of observations on appropriate time and 
space scales in the tropics, our understanding of the processes that drive how these waves develop, 
propagate and interact with precipitation is limited (e.g. Serra et al. 2010). The 18 plus year record 
of satellite precipitation and heating data from NASA provides a unique and underutilized resource 
to study how TEWs interact with precipitation comprehensively across the tropics. 
 

The goal of this project is to use satellite data to understand precipitation and heating 
during the lifecycle of tropical easterly waves (TEWs) to improve model biases in the 

representation of these waves.  
 

Figure 1: Filtered outgoing 
longwave radiation 
(westward propagating waves 
with wavelengths 2000–7000 
km and periods 2–10 days) 
for June, July, August, and 
September. From McCrary et 
al. (2014). 
 

 

Weather and climate models, including global climate models (GCMs), exhibit large biases in 
EWs that have been attributed to discrepancies in the structure and intensity of precipitation and 
associated heating profiles (Torn 2010, McCrary et al. 2014, Martin and Thorncroft 2015, Elless 
and Torn 2018). Latent heating also has wide variations between reanalysis products (Ling and 
Zhang 2013, Tao et al. 2016). These biases have important consequences for tropical hazard 
applications. For example, Halperin et al. (2013) demonstrated that over 50% of tropical cyclone 
genesis events predicted by the Global Forecast System in the Atlantic main development region 
were false alarms. We hypothesize that the interaction between moist convection and TEWs is a 
major source of weather and climate model bias through biases in latent heating. To address this 
hypothesis, we must have a deeper understanding of observed TEW precipitation processes.  
 
The lifecycle, evolution, and structure (shallow or deep convection versus stratiform) of 
precipitation within TEWs has practical implications for hydroclimate research and applications 
including extreme precipitation, flooding, landslides, and tropical storms. Previous work has 
focused on waves propagating across Africa into the Atlantic, with convection ahead of the wave 
trough (e.g. Janiga and Thorncroft 2016). Differences in convective activity and associated latent 
heating can result in different African EW energy conversions and growth rates, with the location 
of convection impacting the propagation and/or amplification of waves (e.g. Norquist et al., 1977; 

Easterly Wave Filtered 
Outgoing Longwave Radiation 
(McCrary et al. 2014)



Climate Model Representation of TEWs

u Wheeler and Kiladis diagrams of OLR

u Adding super parameterization (SP) improved simulation of TEWs in this model

u Wide variability between climate models



Climate Model 
Representation of 
African Easterly 
Waves

Hypothesize that the 
interaction between moist 
convection and TEWs is a 
major source of weather and 
climate model bias through 
biases in latent heating.

Brannan and Martin 2018



Goals & Objectives

u The goal of this project is to understand precipitation and 
heating during the lifecycle of tropical easterly waves (TEWs) 
to improve model biases in the representation of these 
waves. 

u Objective 1: Determine and analyze the amount and structure of convection 
and precipitation over the lifecycle of TEWs across the tropics.

u Objective 2: Examine the latent heating profiles within TEWs and their 
relationship with TEW intensity and evolution.

u Objective 3: Diagnose variability in TEW precipitation processes spatially 
(region-to-region) and temporally (year-to-year).

u Objective 4: Identify and understand discrepancies in latent heating profiles 
of TEWs in MERRA-2 reanalysis and the NASA-GISS climate model. 



TEWs in GPM Daily Data



TEWs in GPM Daily Data

u Period:2-10 
days

u Wavenumber: 
6-15 (easterly)
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analysis will be tested on currently available CMIP5 (Taylor et al. 2012) model simulations, which 
the PIs have extensive experience using. 
 
d. Methodology 
The plan to address our project goal is guided by the four research objectives described in Section 
2.2. Each of these objectives contains a series of tasks, which are detailed in Section 2.7 along with 
the timeline, personnel, and peer-reviewed publications associated with each activity. The 
objectives are not serial, but integrative and iterative, as outcomes for tasks will feedback and 
influence other tasks. This section describes the tasks and methods associated with each objective.  
 
Objective #1: Determine and analyze the amount and structure of convection and precipitation 
over the lifecycle of TEWs across the tropics. 
 
The dominant societal and ecological impact from most TEWs is via precipitation. For example, 
in Africa, TEWs are related to more than 40% of mesoscale convective systems, which contribute 
up to 90% of the annual Sahel rainfall (Le Barbé and Level 1997; Mathon et al. 2002; Fink and 
Reiner 2003, Fink et al. 2006). Figure 2 illustrates precipitation associated with TEWs from two 
years of GPM data, and clearly shows rainfall signals occur tropics wide. However, the 
contribution to the total rainfall from TEWs across the entire tropics is not currently known. 
 
The location of the convection relative to the circulation of TEW is important. If convection is 
located to the west of the trough center, then the potential vorticity generated will aid in wave 
propagation (e.g. Berry and Thorncroft 2005). If the convection is close to the center, it can amplify 
the wave through vortex stretching. As a consequence, it is important to understand precipitation 
with respect to wave location. 

 
Figure 2: Precipitation 
(2.5q-20qN, shaded) 
and TEW filtered (2-10 
days, 6-15 westward 
wavenumbers) 
precipitation (black 
contours) from GPM 
IMERG data for July 
and August 2016 (a) 
and 2017 (b). 
 
 
 
 
 

 

Janiga and Thorncroft (2013) compare African EWs in three different reanalyses and argue 
differences in structure and activity are caused by differences in rainfall and diabatic heating 
between the products. Mekonnen et al. (2006) show variations in the period of African EWs by 
longitude which also may be related to the role of convection and latent heating in the energetics. 
Studies (e.g. Kiladis et al. 2009 and references therein) of TEWs across Africa and in the Pacific 

Africa W. PacE. Pac



TEWs in IMERG: Spectra

u Average JJAS Signal-to 
Noise Power Spectra for 
disturbances that are 
symmetric about the 
equator. 

u IMERG: 3 hourly and 
0.5°

TD

IMERG
v6

2001-2018

TMPA
3B42 

1998-2014



GPM: Spatial Variability of TEWs

u JJAS mean variance of TD-filtered precipitation from IMERG.

u Unexpectedly high activity in in East Pacific



Heating Profiles (1998-2014)

u NASA MERRA-2 Reanalysis Temperature Tendencies

u TRMM/GPM Spectral Latent Heating (3HSLH v6)

u Full year, monthly averaged data from 1998-2014



TRMM/GPM Spectral Latent Heating (3HSLH v7)

*Unconditional means; SLH algorithm does not include radiative heating; Q1R = (Q1 – QR)



Heating Profiles – MERRA-2

*Total includes LH+RH+SH since DTDTTOT (“physics”) in MERRA-2 includes frictional heating



Next Step: Tracking Individual Waves in 
MERRA-2

u TRACK

u Objective feature tracking This method tracks curvature vorticity 
(Hodges 1995, 1999)

u TEMPEST Extremes

u flexible, open-source, parallelized algorithm developed for detecting 
extremes in gridded climate data.  (Ullrich and Zarzycki, 2017). 

u Relative or Curvature Vorticity

u Curvature vorticity identifies a change in wind direction over some 
horizontal distance and was shown by Berry et al. (2007) to be a useful 
diagnostic for distinguishing the trough of a wave from the background 
shear vorticity. 

u Enables dry and convective wave identification

P. A. Ullrich and C. M. Zarzycki: A framework for scale-insensitive pointwise feature tracking 1077

Figure 7. Tropical easterly wave counts within each 2� ⇥ 2� grid
cell, over the period 1979–2010, obtained using the procedure de-
scribed in Sect. 3.3.

Figure 8. Forecast CAM trajectories for Hurricane Sandy initial-
ized at 00Z on (a) 21 and (b) 22 October 2012. Black dots indicate
trajectories defined using the NCEP operational vortex tracker with
red dots denoting trajectories defined using a sample configuration
of TempestExtremes.

Prediction (NCEP) (Marchok, 2002) while red dots show the
same using a sample configuration of TempestExtremes. This
configuration finds local minima in the 6-hourly SLP (slp)
fields, which cannot lie within a great-circle distance of 10.0�
of another. An increase in SLP of at least 0.5 hPa within 5�
of the candidate node is required (closed contour) as is a de-
crease in 300 hPa air temperature (tm) of 0.1 K within 5� of
the node, with a 1.0� offset permitted between the upper-level
warm core maximum and sea level pressure minimum (rele-
vant for sheared TCs where the vortex may be tilted). Note
that no “best guess initial location” of the cyclone is defined,
as is the case with many operational tracking systems. The
tracker command line is as follows:

./DetectCyclonesUnstructured

--in_data $ffile --out $outf

--mergedist 10.0

--closedcontourcmd "slp,0.5,5.0,0;tm,

Figure 9. An illustration of how connectivity is defined in this work
for nodes on a spectral element mesh. Arrows indicate connectivity
for nodes A and B.

-0.1,5.0,1.0"

--outputcmd slp,min,0;_VECMAG(u850,v850),

max,2;_VECMAG(u_ref,v_ref),max,2"

./StitchNodes --in cand.cyc

--out forecast.traj

--format "i,j,lon,lat,slp,wind850,windbot"

--range 6.0 --minlength 8 --maxgap 2

The results here demonstrate good agreement with
the NCEP vortex tracker, highlighting the capability of this
framework to track even pre-genesis storm features, although
the sensitivity (and associated potential noise) required to
find weak, shallow or sheared storms depends on the thresh-
olds defined in DetectCyclonesUnstructured.
Some differences between tracked storm centers are noted,
particularly at the beginning of the forecasts, where the
storm’s SLP is greater (weaker) than 1005 hPa. This is due
to the fact that the pre-genesis vortex is naturally somewhat
disorganized, and the NCEP tracker uses an average of mul-
tiple primary fixes (e.g., 700 and 850 hPa relative vorticity,
sea level pressure, 700 and 850 hPa geopotential heights)
to define the cyclone center, whereas this configuration of
TempestExtremes defines storm location based on sea level
pressure minimum only.

3.5 Tropical cyclones in a simulation with VR-CAM

For our final example, we assess the differences
in tropical cyclone character obtained from native
and regridded datasets. Using the variable-resolution
spectral element option in CAM (VR-CAM-SE;
Neale et al., 2012; Zarzycki et al., 2014b) to refine the
Northern Hemisphere to 0.25� resolution, a simulation of
a hurricane season (June–November) has been performed.
With the high-order spectral element dynamical core used to
solve the fluid equations in the atmosphere, VR-CAM-SE
has been demonstrated to be effective in simulating tropical
cyclone-like features (Zarzycki and Jablonowski, 2014;

www.geosci-model-dev.net/10/1069/2017/ Geosci. Model Dev., 10, 1069–1090, 2017

TEW counts from CFSR 
(From Ullrich and 
Zarzycki (2017)



Summary

u TEWs important for convection and precipitation

u They occur globally but are studied little outside the Atlantic

u Understand spatial, temporal, and lifecycle variability of precipitation and heating 
associated with TEWs

u TEWs exist in GPM precipitation spectra

u Weaker signal than expected

u Maxima in Atlantic, E. Pac, and broad peak in W. Pac

u Climatological latent heating magnitude is significantly less in TRMM/GPM 
observations than reanalysis 

u TRMM/GPM observed heating is more top-heavy in all domains (stratiform rain 
fraction)

u Upcoming year: track individual waves and associate with precipitation and 
heating 




